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The Potential Impact of Loss of Sea
Ice on Alaska’s Subarctic and Arctic
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Presenter
Presentation Notes
Partnerships are extremely important to accomplish the integrated ecosystem research.  Therefore, I would like to acknowledge the University of Alaska Fairbanks, US Fish and Wildlife Service (seabird observers), Alaska Department of Fish and Game, Bureau of Ocean and Energy Management, Arctic Yukon Kuskokwim Sustainable Salmon Initiative, Pacific Marine Environmental Laboratory, and the North Pacific Research Board


Sea Ice Impacts FAT (LIPID) Available to Fish
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Sea Ice In Arctic and Subarctic Ecosystems

Declining Sea Ice Extent (Sept)
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Adapted from Large Marine Ecosystems of the Arctic area, Revision of the Arctic LME map, Protection of the Arctic Marine Environment, Arctic
Council, May 15, 2013.
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Presenter
Presentation Notes
Two regions for discussion include the Arctic (Chukchi Sea) and subarctic (southeastern Bering Sea).  These regions were adapted from the Protection of the Arctic marine environment.  Issues:  The Arctic has experienced a decline in September sea ice extent from the late 1970s to present.  The subarctic experiences variability in winter/spring sea ice extent (southerly extent on the shelf) and duration (time when ice begins to melt back in spring) over the last several decades.


Time of Sea ice Retreat and Zooplankton (Fish Food) Fat
Content

Earlvice Retreat S—0 B Bloom Warm Water - Mostly SMALL zooplankton
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Hunt, G. L, K.O. Coyle, L.B. Eisner, E.V. Farley, R.A. Heintz, F. Mueter, J.M. Napp, J.E. Overland, P.H. Ressler, S. Salo, and P.J. Stabeno. 2011.
Climate impacts on eastern Bering Sea foodwebs: a synthesis of new data and an assessment of the Oscillating Control Hypothesis.
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Presenter
Presentation Notes
Sea ice duration and extent during winter and spring in the southeastern Bering Sea influences the spring bloom timing and ecosystem characteristics.  During early ice retreat, the spring bloom occurs later in spring.  This is because the spring bloom occurs when nutrients are high, light is increasing, and the water column is stabilizing.  The Bering Sea winds typically blow strong until May; therefore the bloom occurs later due to the unstable water column.  The late bloom has been associated with higher abundance of small copepods and low abundance of large copepods.  During late ice retreat, the ice melt creates a freshwater lens on the surface of the water helping to stabilize the water column earlier in the year thus an earlier bloom occurs during April.  The earlier bloom timing is associated with higher abundance of large copepods.

See also:
Sigler MF, Stabeno PJ, Eisner LB, Napp JM, Mueter FJ. 2014. Spring and fall phytoplankton blooms in a productive subarctic ecosystem, the eastern Bering Sea, during 1995-2011. Deep Sea Res. II. http://dx.doi.org/10.1016/j.dsr2.2013.12.007i
�
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Example: Spring Ice Extent
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Presenter
Presentation Notes
During 2002 to 2005, scientists noted that the sea ice did not extend into the southeastern Bering Sea during spring (this period is associated with warming sea temperatures and has been called the “warm period”; however sea ice extended into the southeastern Bering Sea each year during Springs of 2007 to 2012 (this period is associated with cooling sea temperatures, and has been called the “cool period”.  The periods (multiple, back-to-back years) of warm and cool years are unprecedented in the time series (1915 to 2010) of sea ice extent for the eastern Bering Sea, where much of the time series in sea ice extent displays high interannual variability (see Overland et al. 2012)


Sea Ice Extent and Walleye Pollock Fishery
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Presenter
Presentation Notes
This figure illustrates the walleye pollock Age 3 biomass trend from 1994 to 2014.  The age 3 is used as the leading indicator for pollock production because this is the age that pollock first become available to the fishery and to our AFSC stock assessment surveys.  Walleye pollock are an extremely important commercial fishery in Alaska.  During 2012 the commercial value approached $500 million.   The stock assessment for age 3 biomass began to decline from 2004 to 2008, but has since recovered back to levels prior to 2004.  The question is “what mechanism was behind the decline and subsequent recovery of walleye pollock stocks in the southeast Bering Sea?” 
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Late Ice Retreat = Higher FAT Content in Zooplankton
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Heintz, R.A., E.C. Siddon, E.V. Farley, Jr., and J.M. Napp. 2013. Correlation between recruitment and fall condition of age-0 pollock from the
eastern Bering Sea under varying climate conditions. Deep Sea Res. 11 94:150-156.
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Presenter
Presentation Notes
Comparison of percent lipid among walleye pollock prey and between cold and warm years.  There is a higher lipid content overall for all prey species during cool years.  In particular, there is a substantial difference in lipid between the small and large copepods, two major prey items for age-0 pollock.


Shifts in Walleye Pollock Diet
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Coyle, K.O., L.B. Eisner, F.J. Mueter, A.l. Pinchuk, M.A. Janout, K.D. Cieciel, E.V. Farley, and A.G. Andrews. 2011. Climate change in the
southeastern Bering Sea: impacts on pollock stocks and implications for the oscillating control hypothesis. Fish. Oceanogr. 20:139-156.
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Presenter
Presentation Notes
Age-0 walleye pollock diets also illustrated a similar pattern with small copepods dominating the diet during warm years and large copepods (calunus) dominating the diet during cool years.
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You are what you eat!
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Heintz, R.A., E.C. Siddon, E.V. Farley, Jr., and J.M. Napp. 2013. Correlation between recruitment and fall condition of age-0 pollock from the
eastern Bering Sea under varying climate conditions. Deep Sea Res. 11 94:150-156.

S
& &
H @ F
‘u’ NOAA FISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 9

o


Presenter
Presentation Notes
We found a significant difference in age-0 pollock energy density, with low energy densities during warm years and significantly higher energy density during cool years.  You are what you eat!
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Amount of FAT stored before winter = Higher Survival

Survival to age 3
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Heintz, R.A., E.C. Siddon, E.V. Farley, Jr., and J.M. Napp. 2013. Correlation between recruitment and fall condition of age-0 pollock from the
eastern Bering Sea under varying climate conditions. Deep Sea Res. 11 94:150-156.
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Presenter
Presentation Notes
The average energy content for age-0 pollock was correlated to the number of age 3 fish providing a Leading Indicator for pollock survival prior 3 years in advance.


ming of Sea Ice Retreat = Fish Food Quality = Walieye pollock
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lanelli, J.N., T. Honkaleto, S. Barbeaux, S. Kotwicki, K. Aydin, and N. Williamson. 2013. Assessment of the walleye pollock stock in the
eastern Bering Sea. NPFMC Bering Sea and Aleutian Islands, Stock Assessment and Fishery Evaluation report.
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Presenter
Presentation Notes
This figure illustrates the walleye pollock Age 3 biomass trend from 1994 to 2014.  The age 3 is used as the leading indicator for pollock production because this is the age that pollock first become available to the fishery and to our AFSC stock assessment surveys.  Walleye pollock are an extremely important commercial fishery in Alaska.  During 2012 the commercial value approached $500 million.   The stock assessment for age 3 biomass began to decline from 2004 to 2008, but has since recovered back to levels prior to 2004.  The question is “what mechanism was behind the decline and subsequent recovery of walleye pollock stocks in the southeast Bering Sea?” 
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Adapted from Large Marine Ecosystems of the Arctic area, Revision of the Arctic LME map, Protection of the Arctic Marine Environment, Arctic
Council, May 15, 2013.
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Presenter
Presentation Notes
Two regions for discussion include the Arctic (Chukchi Sea) and subarctic (southeastern Bering Sea).  These regions were adapted from the Protection of the Arctic marine environment.  Issues:  The Arctic has experienced a decline in September sea ice extent from the late 1970s to present.  The subarctic experiences variability in winter/spring sea ice extent (southerly extent on the shelf) and duration (time when ice begins to melt back in spring) over the last several decades.


In the Arctic, It’s Survival of the Fattest

Polar Bear

<3
& &
H @ F
‘u’ NOAA FISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 13

S—


Presenter
Presentation Notes
Two important fish species within the Arctic (Chukchi Sea) ecosystem include Arctic cod and saffron cod.
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Summer Distribution and Abundance of Young

Arctic and Saffron Cod
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Presenter
Presentation Notes
Integrated ecosystem surveys were conducted by scientists within the AFSC during August-September 2013.  Acoustic estimates of abundance were made for age-0 Arctic and Saffron cod.  Two take home messages: 1) Arctic code are 2 orders of magnitude more abundant that saffron cod; 2) Arctic cod are distributed in cooler water temperatures (4 to 7C) and Saffron cod were distributed nearshore in warmer water (8 to 12C). 

https://web.sfos.uaf.edu/wordpress/arcticeis/

Fat Content of Cods
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Predators must consume 2.7x the Saffron Cod to get the same lipid as 1 Arctic Cod

Heintz & Vollenweider Unpublished data
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Presenter
Presentation Notes
Arctic cod have a significantly higher lipid (fat) content than saffron cod. In order to get equal amounts of lipid from the 2 fish species, a seal would have to eat 2.7 x the mass of saffron cod as they would from Arctic cod.
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Presenter
Presentation Notes
Arctic cod = Boreogadus saida
Saffron cod = Eleginus gracilis

This figure shows the growth response of 4 cod species in relation to temperature. The lines represent growth rates of fish with increasing temperature along the X axis, where the peak of the curve represents the temperature at which growth is maximized. The more southerly species (subarctic), walleye pollock and Pacific cod, are represented by the black and grey lines, whereas the 2 Arctic species with more northerly distributions, Saffron cod and Arctic cod, are represented by the red and blue lines.  You can see that the more southerly cod species have higher growth rates than the Arctic species, and consequently they are larger fish as adults. This is a typical phenomenon we see with all Arctic fish species, which grow slower and are smaller than their southern counter parts. When you compare the growth rates of the 2 Arctic species, we see that the temperature at which Arctic cod maximize their growth (7.3 C) is considerably colder than all the other species, indicating they are adapted for significantly colder conditions. In comparison, saffron cod maximize their growth at twice the temperature (14.8 C). These temperature-dependent growth responses indicate how warming ocean temperatures may affect the 2 Arctic species very differently, and that saffron cod may be more resilient to warming ocean temperatures than Arctic cod. 


Summer Sea Surface Temperature Model Projections 2081 to 2100
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Water will be too warm for Arctic Cod?

Courtesy of Muyin Wang, Pacific Marine Environmental Laboratory, Seattle, WA
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Presenter
Presentation Notes
Projected summer sea surface temperatures are from the Community Earth System Model (CESM) that includes the Community Atmospheric Model (CAM) version 5.  
The projected temperatures suggest that the region of high Arctic cod abundance will be too warm for growth, and that these fish will either move out of this region or not survive.


For more information on the models see: 

Journal of Climate 2013 ; e-View
doi: http://dx.doi.org/10.1175/JCLI-D-12-00572.1
Climate change projections in CESM1(CAM5) compared to CCSM4
Gerald A. Meehl,*,1 Warren M. Washington,1 Julie M. Arblaster,1,2 Aixue Hu,1 Haiyan Teng,1 Jennifer E.Kay,1 Andrew Gettelman,1 David M. Lawrence,1 Benjamin M. Sanderson,1 and Warren G. Strand1 1 National Center for Atmospheric Research (+), PO Box 3000, Boulder CO 80307
2 CAWCR, Bureau of Meteorology, Melbourne, Australia



Conclusion

Reduced sea ice extent and duration in Alaska’s Arctic and Subarctic
ecosystems will limit the available HIGH FAT prey that Fish and
Mammals require for good health and survival.

This has the potential of affecting some of the most important
commercial fisheries in Alaska and could impact marine mammal
populations in the Arctic that Alaskan’s depend on for food.
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